December was no hermit food plant ever at peak bloom...."
The crux of Stiles' argument lies in demonstrating that the flowering times shown in his figure 1 are indeed regularly spaced. Stiles' conclusion that the pattern is regular within any one year is apparently based on a subjective examination of his data. One of us (B.J.R.) was faced with a similar situation in a study of flowering times in shrub communities. The flowering times observed in this study appeared regularly spaced, but unfortunately so did phenologies produced by assigning to each species a flowering time at random within the growing season. A subjective examination of the data was not sufficient to determine whether or not flowering times were, indeed, regularly, rather than randomly, spaced or even aggregated. Therefore, several statistical tests were developed 0036-8075/79/0202-0470$00.50/0 Copyright 1979 AAAS to test the regularity hypothesis (2) 4 years are not regular as he concludes, but instead they tend to be aggregated in the drier parts of the year.
The null hypothesis is that the peak flowering date of each of the k species is independently and randomly assigned a position along an axis representing the growing season from a rectangular (uniform) probability distribution. The length of the growing season is then normalized to one for computational simplicity (each peak flowering date is divided by the length of the growing season). These randomly assigned flowering peaks xl, x2, ... xk are then ordered from earliest to latest, designated as the order statistics of the sample Yi, Y2, Yk where Yi is the earliest flowering species and Yk the last flowering species. The interval Yi + 1 -yi is then the distance in time between the peak flowering dates of any two adjacent flowering species. The null hypothesis is equivalent to the procedure of assigning to each of the k species a peak flowering date at random from a table of random numbers, ordering the random numbers from first to last, and then normalizing everything to one. Given the null hypothesis, the statistical properties of yi + 1 -yi can be derived (2) . In particular, the mean of which is the sample variance of the distances between peak flowering dates between adjacent species, including the distance between the beginning of the growing season and the peak flowering date of the first species to flower and between the last peak flowering date and the end of the growing season. The expected value of P under the null hypothesis of randomly assigned peak flowering dates is (2)
If peak flowering times tend to be regularly distributed through the growing season, the sample variance P should be less than that expected from Eq. 1 (with 0.0 as a lower limit for perfect regularity); at the same time, if peak flowering dates are aggregated, the sample variance will exceed its expected value under the nuli hypothesis. The ratio P/E(P) is, therefore, a measure of regularity or SCIENCE, VOL. 203, 2 FEBRUARY 1979 aggregation, and the chi-square statistic x2 = kP/E(P) with k degrees of freedom is an approximate test of the null hypothesis, that is, P = E(P). Some conventions are needed to apply this test to Stiles' data. First we chose the median or peak flowering date for each species as the midpoint of the line that Stiles uses to represent "peak bloom." Because the growing season is continuous in Costa Rica, we defined the growing season to be from the median flowering time of the first species as the beginning of the interval and the median flowering time of the last species of the year as the end of the interval. This convention eliminates the period from about the end of October to the middle of January, during which one species at most was in bloom because Stiles implies that this period may be an exception to his regular sequence of flowering. If this period is included in the analysis, the results given below are considerably more significant than they are if this more libpral convention is used.
Given these two conventions, there are nine intervals between median flowering times to be-considered (k = 8).
There are ten species in each of the 4 years from 1971 to 1974. The expected value of P with k = 8 is 0.0098. The ratios P/E(P) for each of the 4 years are 2.0720 (1971), 1.8459 (1972), 2.0546 (1973), and 2.0264 (1974) . That all four ratios are greater than 1.0 implies aggregation of flowering-times. If the chisquare statistic with eight degrees of freedom is used, all 4 years are significantly more aggregated than would be expected under the random null hypothesis at the 10 percent level and two of the years approach significance at the 5 percent level. If the period from October to January is included in the analysis, all 4 years are significantly aggregated at the 5 percent level.
The analysis, therefore, does not support Stiles's conclusion that the flowering peaks of hermit hummingbirdpollinated plants are regularly spaced throughout the growing season. Instead, there is strong evidence that the fowering times are aggregated or at most randomly spaced. The aggregation exists apparently because the majority of the flowering peaks occur during the two drier periods of the year.
We wish to emphasize, however, that the analysis does not imply that competition does not exist or has not been a selective force on flowering times, only that Stiles's data are not regularly spaced and do not support the competition hypothesis.
The comments by Poole and Rathcke (1) demonstrate that statistics is a twoedged sword when dealing with complex biological phenomena. Their statistical test is unfortunately based on a biologically unrealistic assumption, that of a "continuous growing season in Costa Rica." The very concept of a "growing season," derived as it is from temperatezone agricultural practices, may be very inappropriate at the community level, and not only in the tropics: the actual growth of many temperate-zone woody plants occurs within the span of a very few weeks, rather than months (2) . In fact, growth-and flowering-of most tropical plants is highly seasonal, and certain times of year in tropical habitats may be unsuitable or stressful for flowering (3). Competition for pollinators should tend to spread blooming peaks toward a uniform distribution over time, but the extent to which such a distribution can be achieved will be limited by the physiological constraints imposed upon the plants by the seasonal regime of the habitat. In a seasonally varying tropical habitat, a mathematically uniform distribution of flowering peaks may be impossible for real plants to attain.
My data (4) show why a uniform spacing of flowering peaks was not indicated by Poole and Rathcke's test. There are two clusters of such peaks, corresponding to the dry and early wet seasons, with only one species regularly attaining peak bloom in the interim. This pattern is, moreover, characteristic of the hummingbird-flower community as a whole and suggests that the dry-wet transition period is in fact unfavorable for flowering (3). This is in accord with the observation that wet-season and dry-season bloomers may respond oppositely to a given rainfall event, and tend to differ in habitat or growth habit (or both) as well (3) . The kinds of physiological and ecological adaptations required for flowering in these two seasons might be qualitatively different, and the dry-wet transition might be favorable for neither group. In terms of the Poole-Rathcke model, the probability of a flowering peak falling at random in this period will be less than the corresponding probabilities for the dry and early wet seasons, and a biologically meaningful statistical test should take this into account. We require a base line of equal feasibility of flowering, in terms of the capacities of the plants, against which to test whether flowering peaks are more or less uniformly distributed through time. The problem lies in deriving such a base line without circular reasoning, especially in view of our present ignorance of the physiology of tropical plants.
A possible approach might be to use the distribution of flowering peaks of a large random sample of plants of similar growth habits in the community, as a "bioassay" of "flavorability" of different times of year for flowering-analogous to the procedure of Colwell and Futuyma (5) for evaluating niche differences. However, flowering in ornithophilous plants may be*more costly with respect to producing, displaying, and protecting large quantities of nectar, than flowering in entomophilous species (6) 
